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S St tu ud dy y D De es si ig gn n: We evaluated computer assisted digital measurement of radiographic parameters in patients with idiopathic
scoliosis. 
P Pu ur rp po os se e:: To assess the reliability of digital measurements. 
O Ov ve er rv vi ie ew w o of f L Li it te er ra at tu ur re es s:: Various authors analyzed scoliotic deformities by conventional radiographs, but very few studies
have addressed the reliability of digital radiographic measurement using computer software. 
M Me et th ho od ds s:: Three independent, blinded observers measured 318 whole spine pre-operative antero-posterior radiograms of
children with varying degrees of idiopathic scoliosis. Only one curve per radiograph was measured. Each observer measured
the Cobb angle three times with a 1-week gap between each measurement. The computer system, picture archiving and
communication system (PACS, PiViewSTAR version 5) was used in all cases. The end vertebrae were pre-selected to avoid
this as a potential source of error. The results were statistically analyzed for intraobserver and interobserver reliability and
variability. 
R Re es su ul lt ts s:: The 95% confidence intervals for intraobserver and interobserver variability were ±1.30 and ±1.260, respectively.
There was better reliability in larger curves. 
C Co on nc cl lu us si io on ns s:: Measurement using a digitized system may help to minimize measurement discrepancies by eliminating an
intrinsic cause of error. 
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Introduction 
The Cobb angle is probably the most widely used para-
meter for quantifying the severity of scoliotic curvature
1.
This method must have satisfactory reliability and repro-
ducibility to facilitate comparison within and between stud-
ies, and allow accurate treatment-directed assessment of
deformity
2. Numerous authors have performed comprehen-
sive reliability analyses on other radiographic measures for
scoliosis
3,4. However, few studies have addressed the relia-
bility of computer-assisted digital radiographic measure-
ments in patients with scoliosis
2. Digital imaging has many
advantages in terms of convenience, portability, and ability
to adjust contrast, brightness, and magnification, leading to
increased accuracy of measurements compared to manual
methods
2. The current study measured the intraobserver and
interobserver reliability of scoliotic measurements with dig-
ital images using computer software. 
Materials and Methods
We measured 318 whole spine pre-operative, antero-pos-
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idiopathic scoliosis involving the spine. Only one curve per
radiograph was measured. The child’s age was arbitrarily
classified into three groups: 0 to 6 years, 7 to 10 years, and
more than 10 years; 178 radiograms were in patients >10
years old, 93 radiograms were in the 7 to 10 year age group,
and 47 radiograms were in the <7 years age group. The
curves were also divided into mild (<20。 , n=180), moderate
(20-40。 , n=123) and severe (>40。 , n=15) curves. 
Three observers independently examined the radiograms.
Simulating clinical conditions, the observers were of vary-
ing levels of experience and included a spine fellow and
two spine surgeons who regularly measured Cobb angles on
radiographs in the spine clinic. Each observer measured the
Cobb angle three times each, and they were blinded regard-
ing all previous measurements. The digitized computer sys-
tem, picture archiving and communication system (PACS,
PiView STAR ver. 5, Seoul, Korea) was used in all cases.
PACS is a digitized system that stores radiographs and
medical records. The installed software measures Cobb
angle by drawing a line along the predetermined vertebral
end plate on the screen. A minimum of one week between
each measurement reduced memory effects on reproducibil-
ity. The end vertebrae were pre-determined to avoid this as
a potential source of error. 
Statistical analysis provided both intraobserver and inter-
observer variability and reliability in each age group for
Cobb measurements. Both intra observer and interobserver
reliability were accessed by calculating intraclass correla-
tion coefficient (ICCC) (two-way mixed, random effect
model, absolute agreement) according to the method
described by Deyo et al.
5 The average ICCC gives interob-
server reliability and single measure ICCC gives intraob-
server reliability. The ICCC value can be arbitrarily inter-
preted as poor (<0.20), fair (0.21 to 0.40), moderate (0.41 to
0.60), substantial (0.61 to 0.80), and excellent (0.81 to
1.00)
6. 
Results  
The single measure ICCC values were excellent for all
three observers for the entire sample, indicating low
intraobserver variability and good reliability with the digi-
tized measurement method (Table 1). The 95% confidence
interval for intraobserver variability was 1.3。 . The single
ICCC values were excellent for all observers for all age
groups generally, but was better for children <6 years, as
were the average ICCC values (Table 2). The 95% confi-
dence intervals for interobserver variability was 1.26。 . 
For mild curves, all observers showed variable single
measure ICCC values, but average ICCC values were also
similar. In the moderate curve group, observers A, B and C
showed variable single ICCC values that were not signifi-
cantly different (Table 2). The average ICCC value was
similar to that of the mild curve group (Table 3).
For the severe curve group, the single ICCC values for all
observers and the average ICC values were better than the
other two groups-all ICCC values were excellent. There
were no significant changes in intraobserver and interob-
server reliability for all age groups and all curve severities. 
Discussion 
The reliability of radiographic measurement is crucial to
treatment of idiopathic scoliosis
7. The measurements
assessed in this study are routinely used in clinical practice
8.
Digital radiograph analysis will become more common as
the technology becomes increasingly popular and afford-
able. Contrast, brightness, and magnification can be manip-
ulated with digital techniques. However, the reliability of
the technology for measuring Cobb angles needs to be eval-
uated. 
The average interobserver variability in our study was
1.26。 , which is much less than those obtained for adoles-
cent idiopathic scoliosis using manual methods
7,9. The aver-
age intraobserver variability, 1.3。 , was also much less than
previous studies
7,9. 
The authors tried to eliminate all intrinsic causes of error
in our study. Because selecting the end vertebrae signifi-
cantly affects intra-and inter-observer error
10,11, we pre-
selected the end vertebrae to avoid this error. Uses of differ-
ent protractors, markers/pencils of varying width, poor
quality radiograms, are also intrinsic causes of error
2,8,10,11.
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Table 1. Studies of measurement variability for the entire sample
Single measure ICCC values Mean SD 
(intra observer variability) 
Observer A 0.976 21.56 11.25 
Observer B 0.970 21.94 11.99 
Observer C 0.978 20.04 11.69 
ICCC: intraclass correlation coefficient.Morrissy et al.
11 found a 6.3。interobserver variability and
2.8。intraobserver variability using a manual method that
controlled intrinsic causes of variability. These factors do
not play a role in digitalized curve measurements such as in
our study. Using digital radiographs, we were able to
manipulate and enhance contrast, sharpness, and brightness,
thus enabling better visualization of details and more con-
sistent results. 
Kuklo et al.
2 found that digital measurement reduced
intraobserver variability compared with manual measure-
ments. Shea et al.
12 found digital measurement to be more
precise for Cobb angle measurement by eliminating the
sources of intrinsic errors using the digitized technique.
Wills et al.
13 used manual measurements with preselected
end vertebra to minimize the source of intrinsic error, and
found a 0.994 overall correlation for manual and digitalized
measurements. 
Eliminating intrinsic variability may have helped to mini-
mize measurement discrepancies. When these intrinsic fac-
tors are present (lack of computer programs and digital radi-
ograms), the differences in ICCC measurements may be
magnified. 
The strength of our study is the use of 318 patient radi-
ograms, measured in triplicate by 3 observers, for a total of
5724 measurements. The observers were blinded for all pre-
vious measurements and all possible sources of intrinsic
error were excluded by using pre-selected end vertebrae and
digitized programs. All observers were aware of the pur-
pose of their measurements and they may have competed
among themselves to improve their precision. Although
manual radiograms may have larger ,measurement discrep-
ancies, we did not do a comparative study here. Also,
extrinsic error was not measured in this study. The three
main sources of extrinsic error are the position of the
patient, the position of the radiographic tube, and the time
of the day when the radiograph was made
11, 
Conclusions 
The results of this study demonstrate that intraobserver
and interobserver variability for digitalized Cobb angle
measurements were much lower than manual methods.
Intrinsic sources of error must be reduced to minimize mea-
surement discrepancies.
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